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This randomized controlled trial evaluated the therapeutic benefit of mental practice with motor imagery in stroke patients with 
persistent upper limb motor weakness. There is evidence to suggest that mental rehearsal of movement can produce effects 
normally attributed to practising the actual movements. Imagining hand movements could stimulate restitution and redistribu- 
tion of brain activity, which accompanies recovery of hand function, thus resulting in a reduced motor deficit. Current efficacy 
evidence for mental practice with motor imagery in stroke is insufficient due to methodological limitations. This randomized 
controlled sequential cohort study included 121 stroke patients with a residual upper limb weakness within 6 months following 
stroke (on average < 3 months post-stroke). Randomization was performed using an automated statistical minimizing procedure. 
The primary outcome measure was a blinded rating on the Action Research Arm test. The study analysed the outcome of 
39 patients involved in 4 weeks of mental rehearsal of upper limb movements during 45-min supervised sessions three times a 
week and structured independent sessions twice a week, compared to 31 patients who performed equally intensive non-motor 
mental rehearsal, and 32 patients receiving normal care without additional training. No differences between the treatment 
groups were found at baseline or outcome on the Action Research Arm Test (ANCOVA statistical P=0.77, and effect size 
partial if = 0.005) or any of the secondary outcome measures. Results suggest that mental practice with motor imagery does not 
enhance motor recovery in patients early post-stroke. In light of the evidence, it remains to be seen whether mental practice 
with motor imagery is a valid rehabilitation technique in its own right. 
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Introduction 

Much interest has been raised by the potential of mental prac- 
tice of motor tasks, also called 'motor imagery', as a neuro- 
rehabilitation technique to enhance motor recovery following 
stroke (e.g. Jackson ef al., 2001; Braun ef a/., 2006; Sharma 
et a/., 2006; De Vries and Mulder, 2007; Zimmermann-Schlatter 
et a/., 2008; Dijkerman et al., 2010). The appeal of motor imagery 
as a potentially effective neuro-rehabilitation technique is popular, 
which is reflected in multiple reviews of relatively few reported 
clinical evaluations. Moreover, the studies evaluating the clinical 
benefit of mental practice in stroke so far are mostly small feasi- 
bility studies, while the few randomized controlled trials reported 
had relatively small sample sizes. As such, the evidence for mental 
practice in the treatment of movement disorders following stroke, 
and other neurological conditions, remains somewhat anecdotal. 

The idea of mental practice as a neuro-rehabilitation technique 
relies on sound and engaging evidence. Over the past decade, a 
wealth of data have demonstrated that the brain simulates action 
and other functions. For example, studies by Decety and col- 
leagues (1996) have shown that imagery of movement activates 
largely the same brain areas that are activated when movements 
are actually executed. Furthermore, even passive observation of 
movement has been shown to activate cortical motor areas 
(Grezes and Decety, 2001). This fuelled an understanding that if 
mental simulation of action triggers neural activations of relevant 
motor areas then we can 'jog' the brain in the absence of move- 
ment execution. This potential is significant in light of evidence 
emerging over the last two decades demonstrating that brain plas- 
ticity has an intrinsic role to play in recovery following brain 
damage. In particular, recovery of motor function after stroke is 
accompanied by a redistribution of activity within a network of 
parallel-acting multiple cortical motor areas (Weiller, 1995; 
Marshall et al., 2000) and reinforcement of the spared area adja- 
cent to the lesion (Nudo et al., 1996). The theoretical neurosci- 
ence basis for the potential clinical benefit of mental practice in 
the recovery of motor function is therefore generally described in 
neurophysiological terms — imagining movements could stimulate 
restitution and redistribution of brain activity, which accompanies 
recovery of motor function, thus resulting in reduced deficit. 

A strong case to capitalize on brain plasticity processes in 
neuro-rehabilitation was made by Robertson and Murre (1999). 
They proposed that so-called 'guided-recovery' can 'rescue' le- 
sioned circuits by activating the specific circuits through 'precise 
targeted bottom-up and top-down inputs'. These authors elegant- 
ly describe how a process based on the Hebbian-learning principle 
that 'cells that fire together, wire together' can induce recovery. 
They make an important distinction between the 'spontaneous' 
Hebbian-learning-based process of self-repair, and 'targeted 
stimulation', which they claim can induce restitution of function 
through the same Hebbian-learning-based reconnection of neural 
connectivity. They propose that by providing additional input to 
damaged networks, a degree of completion may be facilitated that 
would not be possible without such external, patterned input. 
Mental practice as a neuro-rehabilitation technique would be a 
prime example of such 'guided-recovery'. 



Physical practice has been shown to induce reorganization of 
the areas adjacent to focal ischaemic infarction in the primary 
motor cortex in monkeys (Nudo et al., 1996). Furthermore, neu- 
roimaging studies have demonstrated cortical functional reorgan- 
ization associated with recovery of hand function after 3-4 weeks 
of physical training in acute (Nelles et al., 2001) and chronic 
stroke patients (Carey ef al., 2002; Jang et al., 2003). Whether 
mental practice alone can promote the modulation of neural cir- 
cuits, inducing the same plastic changes in the motor system as 
those following repeated physical practice, is still to be substan- 
tiated. Studies with healthy volunteers have provided evidence for 
functional redistribution following motor imagery training 
(Pascual-Leone et al., 1995; Jackson ef al., 2003). Furthermore, 
there is some preliminary evidence for this effect in stroke from a 
single case study of a stroke patient showing reorganization within 
sensorimotor areas of the injured hemisphere following motor im- 
agery training (Johnson-Frey, 2004). Some further tentative evi- 
dence comes from a case series reported by Butler and Page 
(2006) and a recent small group study by Page and colleagues 
(2009), the latter reporting changes in cortical activation in pri- 
mary, premotor and superior parietal areas of 10 chronic stroke 
patients following 10 weeks of motor imagery training, although 
no control group was included. Functional reorganization 
following mirror therapy has also been demonstrated in the 
neurologically intact brain of phantom limb patients (Giraux and 
Sirigu, 2003). 

Further to the neuroscientific argument for mental practice in 
stroke, we also see a health psychology argument related to per- 
ceived control. There is evidence that patients' beliefs that they 
have control over their recovery predicts the amount of motor 
recovery achieved, controlling for initial levels of cognitive and 
motor impairment (Partridge and Johnston, 1989; Johnston 
et al., 1999; Bonetti et al., 2008) and is predictive up to 3 years 
following stroke (Johnston et al., 2004). However, the process by 
which control beliefs determine outcome is unclear. Actual en- 
gagement in rehabilitation exercises has been hypothesized as a 
mechanism but the evidence does not offer support (Johnston 
et al., 1999). Alternatively, patients high in perceived control 
may spontaneously engage in mental practice, which might ex- 
plain the effects of perceived control on recovery. Furthermore, 
mental practice offers an attractive clinical rehabilitation option, as 
it would allow patients to practice motor tasks frequently and 
safely. 

Reported clinical evaluations of mental practice in stroke so far 
have mostly found at least some evidence to suggest a therapeutic 
benefit. However, it should be noted that possible publication bias 
may exist with regards to the effectiveness of mental practice, 
where similar small studies finding negative results would be dis- 
missed as lacking in power. Positive findings are reported in case 
studies of both chronic stroke patients (Page et al., 2001a; Stevens 
and Stoykov, 2003; Johnson-Frey, 2004; Liu et al., 2004; Gaggioli 
et al., 2006) and a patient a few months post-stroke (Jackson 
et al, 2004). Evidence also came from a series of feasibility studies 
including 4-10 patients in the treatment group who were ei- 
ther years post-stroke (Page, 2000; Crosbie et al., 2004; 
Dijkerman et al., 2004; Page et al., 2005, 2009) or <1 year 
post-stroke (Page et al., 2001b; Butler and Page, 2006; 
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Mueller et al., 2007). To date, the results of three small rando- 
mized controlled trials have been reported. The randomized con- 
trolled trial by Liu and colleagues (2004) examined the effect of 
combined physical and mental practice of activities of daily living, 
such as folding laundry and going to the park, in patients 2 weeks 
post-stroke compared to the control group performing the same 
activities physically only. They found higher levels of independence 
on trained and untrained activities of daily living in the mental 
practice group; however, they failed to find enhanced recovery 
on the standard Fugl-Meyer Assessment of upper-limb motor 
function in this group. In a recent study (Liu et al., 2009) these 
training effects were further documented, but no reference was 
made to standardized measures of motor recovery. A second ran- 
domized controlled trial by Page and colleagues (2007) found im- 
proved upper limb function after combined physiotherapy and 
motor imagery training in chronic stroke patients. Yet the study 
sample size was only 16 patients per group, and the therapeutic 
benefit they found was associated with a high effect size. 
Bovend'Eerdt et al. (2010) published the findings of a randomized 
controlled trial involving 15 (mostly stroke) patients planned to 
receive motor imagery training embedded in usual physical ther- 
apy, compared to 15 patients receiving standard therapy only. The 
authors of the study report to be unable to draw conclusions 
about the effectiveness of their embedded motor imagery pro- 
gramme due to low therapist and patient treatment compliance. 
The authors furthermore deemed their sample size insufficient. 

The fact that these studies included a self-selecting sample from 
a small pool of volunteers recruited through advertising in rehabili- 
tation centres, and the fact that these patients were often years 
post-stroke, is potentially problematic, as these patients may not 
be representative of the clinical population set to benefit from this 
technique. In addition, the studies reported to date may also sug- 
gest that the effect of mental practice may be no more than 
consolidation of particular movements in those patients that can 
cope with the cognitive demands of mental practice and for whom 
motor imagery ability is not compromised by sustained brain 
damage. We found some evidence for this in a feasibility study 
we conducted (Dijkerman et al., 2004) when we observed that 
mental practice gave rise to enhanced motor performance on the 
trained task but not on other motor tasks. In this earlier work, we 
combined physical and mental practice and found that the 
enhanced performance in the experimental motor imagery 
group, compared with the group that engaged in physical but 
not mental practice of this task, was limited to the actual trained 
task, and was not associated with a more generalized recovery. To 
exclude the possibility that mental practice does nothing but con- 
solidate particular movement patterns, it is necessary to demon- 
strate the benefit of mental practice offered separate from a 
programme of physical practice. Only when mental practice is 
shown to work independently of physical practice, can claims 
about mechanisms of brain plasticity be sustained (as also sug- 
gested by Sharma et al., 2006). Furthermore, if the underlying 
mechanism of the benefit of mental practice is related to the pro- 
cess of brain plasticity, one would expect this to be most beneficial 
when the process of plasticity is most active in the first 6 months 
post-stroke (Robertson and Murre, 1999). 



Finally, if mental practice is of general applied clinical value it is 
necessary to demonstrate the benefit in a sequential cohort study 
that is sufficiently powered. We sought to investigate whether any 
effects of mental practice observed were due to the specific effects 
of mental practice or simply due to the non-specific effects of 
additional therapist attention and encouragement. Here, we 
report a single-blind randomized controlled trial in which a large 
sample of unselected stroke patients within 6 months following 
stroke undertook a programme of either 4 weeks of motor im- 
agery training, or a control training programme, or received 
normal care. The protocol for this study has been published 
(letswaart et al., 2006). Due to the fact that the intervention 
was developed on the basis of basic neuroscientific evidence (as 
suggested by Ian Robertson and colleagues, e.g. Robertson and 
Murre, 1999), it is necessary to provide further details with re- 
gards to the intervention rationale. 

Intervention rationale 

This mental practice with motor imagery intervention consists of a 
training programme that has been specifically developed to pro- 
mote recovery of hand function through motor imagery by recruit- 
ing areas of the brain that could stimulate functional redistribution 
of brain activity (e.g. Annett, 1995; Decety and Crezes, 1999; 
Decety and Chaminade, 2003). As such, each task in the pro- 
gramme was chosen on the basis of evidence from cognitive 
neuroscience showing the task to activate motor areas in the 
brain. The nature of mental practice in this trial consistently 
emphasized the internal kinaesthetic image of movement, and 
task facilitation was geared towards this. At all times, patients 
were asked to imagine the movements from an internal, first 
person perspective and to employ kinaesthetic imagery, engaging 
the sensations of what it feels like to do the movements 
(Jeannerod, 1994). All tasks focused on the affected upper limb. 

The idea is that conscious access to motor memories during 
motor imagery and mental training is achieved at the cortical 
level through a specific pattern of activation that closely resembles 
that of action execution, leaving the motor system in an active 
state of rehearsing the content of the motor representations 
(Jeannerod, 1995). Due to the cognitively demanding nature of 
mental practice with motor imagery, careful consideration in de- 
signing the intervention was given to ways of facilitating the 
motor imagery process, again drawing on the cognitive neurosci- 
ence evidence base. In the design, such means to facilitate were 
based on a rich emerging research literature, demonstrating that a 
wide range of sensory inputs can trigger action simulation in the 
brain (e.g. Grafton, 2009). For example, visual and auditory inputs 
can facilitate accessing the content of motor images. Therefore, 
verbal information was implemented because current motor cog- 
nition theories (e.g. Jeannerod, 2001), which suggests that lan- 
guage resonates with motor representations, and activation of 
motor areas can therefore be achieved through the verbal route 
(e.g. Barsalou, 2008). In the same way, the use of objects was 
implemented in motor imagery training, as it has been shown that 
visual perception of objects affords action (e.g. Grezes and Decety, 
2001). Pictorial depiction of movement was implemented because 
this has also been shown to trigger action simulation (e.g. Handy 
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et a/., 2005). Finally, action observation was implemented 
throughout the intervention to facilitate motor imagery, because 
passive observation of movement has been shown to activate cor- 
tical motor areas (Grezes and Decety, 2001), as was discussed in 
the 'Introduction' section. Although action observation is some- 
times considered a technique separate from motor imagery, the 
rationale to employ both arises from the perspective that the aim 
of the intervention is to evoke action simulation in the brain 
(Jeannerod and Decety, 1995). Action observation was imple- 
mented by asking patients to observe each movement that they 
were subsequently asked to imagine. 

Following the rationale that verbal and visual information can 
facilitate the motor imagery process, verbal facilitation during 
active motor imagery was achieved through the use of scripts 
recited by the therapists training the patients. These detailed 
scripts described the muscular sensations of the movements. 
Face validity of the scripts for each movement was established 
through consultation with physiotherapists, and scripts were 
thought to maximize kinaesthetic imagery by referring to the cor- 
rect muscle groups. Motor imagery was further maximized 
through action observation of the therapists making the actions. 
Verbal facilitation and action observation were emphasized 
during motor imagery of elementary movements. Training of 
goal-directed movements such as reaching and grasping was fur- 
ther facilitated by the presence of graspable objects. Training of 
activities of daily living made use of pictorial information or the 
presence of the objects involved in the movement. 

As the intervention aims to evoke action simulation in the brain 
(Jeannerod and Decety, 1995), it may be justified to further in- 
corporate other techniques that have been shown the evoke 
action simulation. Mirror therapy is one of these techniques, as 
is mental rotation of hands. Mirror therapy, as suggested by 
Ramachandran and Rogers-Ramachandran (1996), makes use of 
the so-called mirror box where patients look at the reflection of 
uncompromised movement made by the unaffected hand, which 
evokes the illusion of the impaired hand moving. This has been 
shown to improve recovery of hand weakness in stroke (Altschuler 
et al., 1999; Stevens and Stoykov, 2003; Yavuzer et a/., 2008) as 
well as lift phantom limb pain in amputees (Ramachandran and 
Rogers-Ramachandran, 1996; Moseley, 2006). The underlying 
mechanism of mirror therapy is thought to be brain plasticity of 
motor areas induced by covert motor imagery (Giraux and Sirigu, 
2003). Mirror therapy in the current intervention was a structured 
activity and included a range of elementary movements recruiting 
different muscle groups, as well as a few minutes where the pa- 
tient could do any movements they liked. Patients were asked to 
imagine they were looking at their impaired hand making the 
movements, but to keep the impaired hand still. A second task 
similar to the mirror movement illusion was developed for the 
current training making use of video, utilizing the mechanisms of 
both action observation and illusion of movement. Akin to the 
rationale of using mirror therapy to evoke covert motor imagery, 
the video set-up aimed to maximize motor imagery processes and 
thus the potential effects of this training. During this task, the 
patient placed their hand under a video display of a hand 
making elementary movements such as described above for 
mirror therapy. Because the display of the moving hand is in a 



proprioceptive location and visually close to that of the patient's 
own hand placed under the display, watching the video gives a 
strong illusion of the own hand moving. To maximize this illusion 
of movement, patients were asked to imagine it was their own 
hand making the movements. In the current intervention ~25% 
of training time involved the use of mirrors and video (see 
'Materials and Methods' section for details on the organization 
of the intervention). 

Certain task features further justify the use of mirrors and video 
in the aim to achieve optimal action simulation in the brain as part 
of this motor imagery intervention. Holmes and Collins (2001) 
draw on the evidence of motor imagery efficacy in sports when 
advocating that motor imagery intervention design should con- 
sider the different aspects that strengthen the motor memory 
trace according to their model. Holmes and Collins (2001) describe 
how the physical position of the patient should be active and 
compatible with the actions, as was the case in current interven- 
tion, and should not be relaxed or removed from the scene of 
action. They further stress the role of environment, which is why 
the intervention aimed to be meaningful, and multisensory. They 
suggest that to consider the role of task, which is why objects 
were present where possible in the intervention. Finally, Holmes 
and Collins (2001) demonstrate how timing needs consideration in 
optimizing mental practice, which is why the natural movement 
tempo in the use of mirrors and video was important in the cur- 
rent intervention. 

Although the tasks using video and mirrors were believed to 
involve automatic recruitment of motor activation, they all 
required the patient to engage in active motor imagery of the 
internal kinaesthetic image of movement. To utilize a purely 
covert form of motor imagery, a final task of mental rotation of 
visual depictions of hands was included in the intervention. This 
task involved judging handedness through mentally simulated 
action, as suggested by Parsons (1994). Parsons and others have 
shown that mental rotation of hands recruits motor imagery and 
activates motor areas (Parsons 2001). 

To control for non-specific effects of mental practice with motor 
imagery that may induce improvement through mechanisms un- 
related to those under evaluation, it is necessary to compare this 
treatment to more than a simple placebo condition. A methodo- 
logical weakness of previous mental practice evaluations is that 
they used placebo conditions such as relaxation which, while con- 
trolling for attention, do not control for other non-specific aspects 
of the intervention, i.e. parts of the intervention that are necessary 
to deliver the intervention, but are not the theoretically active 
components. Therefore, two control conditions were included in 
the design of this trial. An attention-placebo control condition was 
included to control for both cognitive and motivational 
non-specific effects. Cognitive non-specific aspects of mental prac- 
tice were carefully mapped on a control treatment condition, 
again drawing on the cognitive neuroscience evidence base. This 
condition also served to control for motivational aspects such as 
therapist attention and a potentially significant efficacy belief. A 
second routine-care control condition was included to confirm that 
any differences between the experimental and placebo-control 
treatment would indicate clinical benefit of the experimental 
treatment, rather than a negative effect of the placebo-control. 
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Table 1 Demographic and clinical characteristics at baseline for the experimental 'Motor Imagery Training' treatment group, 
the 'Attention-Placebo Control' group and the 'Normal Care Control' group 





Motor Imagery 

Tcainino in — A ^ \ 
I Ictlll I llg \II — H I J 


Attention-Placebo 

fnntrnl in — PQ\ 


Normal Care 

f~nntml tn — 41 ^ 

v_unLrui \n — 1 1) 


Age in years (SD) 


69.3 (10.8) 


68.6 (16.3) 


64 .4 (15.9) 


Gender (male/female) 


23/18 


22/17 


25/16 


Education in years (SD) 


10.6 (1.7) 


10.6 (1.4) 


10.3 (1.7) 


Hospitalization (in-patient/out-patient) 


31/10 


32/7 


31/10 


Lesion side (left/right/subcortical or 


13/16/10/2 


12/12/10/5 


18/12/9/2 


bilateral/no data) 








Side of weakness (left/right) 


24/17 


23/16 


22/19 


Time post-stroke in days (SD) 


82.0 (55.0) 


90.8 (63.4) 


80.5 (62.7) 


Spontaneous motor imagery use 


14/18/9 


14/13/12 


14/16/11 


(yes/no/no data) 








Receiving other rehab therapy (yes/no) 


33/8 


35/4 


34/7 


AASQ score out of 10 (SD) 


8.9 (1.0) 


8.7 (1.2) 


9.1 (0.9) 


HADS score out of 42 (SD) 


13.4 (7.8) 


13.7 (7.7) 


13.2 (8.0) 


Location baseline assessment 


27/9/5 


29/7/3 


28/9/4 


(hospital/home/university) 








Baseline and outcome at same 


38/3 


34/5 


41/0 



location (yes/no) 



HADS = Hospital Anxiety and Depression Scale; AASQ = Mental Status Questionnaire. 



This trial evaluated the clinical benefit of mental practice with 
motor imagery compared to these two control conditions. 

Materials and methods 

Please refer to the published protocol (letswaart et a/., 2006). 

Participants 

This multi-centre trial involved the cohort of patients with suspected 
stroke, admitted over a period of 2 years and 7 months, to three 
Scottish hospitals providing acute care. National Health Service 
Grampian and National Health Service Tayside ethical review boards 
governing each clinical centre approved the study protocol REC 
Number 0310299, and written informed consent was obtained from 
each participant. The Clinical Trial Registration for this study is 
NCT00355836. 

Patients were not considered for participation in the trial if (i) they 
were discharged from hospital within 1 week; (ii) did not present with 
an upper limb motor weakness; or (iii) the medical team sought dis- 
charge to a nursing home rather than a stroke rehabilitation setting or 
home, which was taken as the exclusion criterion of a limited rehabili- 
tation potential. 

The following inclusion criteria were applied: (i) a history of stroke 
1-6 months prior to participation in the project; (ii) Action Research 
Arm Test (ARAT) score of between 3 and 51 (maximum score 57; 
Lyle, 1981) indicating a persistent motor weakness with the preserved 
ability to make some movement with the affected arm; (iii) no alcohol 
dependency or evidence of substance abuse; (iv) no severe cognitive 
impairment (Mental Status Questionnaire score of 7 or more; Kahn 
et a/., 1981); and (v) no severe aphasia [based on clinical notes and 
verified at baseline assessment using 10 representative items of the 
language comprehension Token Test (De Renzi and Faglioni, 1978; 
items 1.1-2; 2.1-2; 4.1-2; 6.1-2; 6.4-5, passing 8/10 trials or more)]. 



Recruitment and allocation procedures 

Patient details of all stroke admissions were routinely recorded by 
stroke coordinators at the different acute hospitals. Using a detailed 
recruitment protocol, all stroke admissions were considered for inclu- 
sion in the study. Patients were approached about the study in the first 
month post-stroke or as soon as patients were medically stable there- 
after. All eligible patients were given written information in person 
during their hospital stay or through a letter from the responsible 
clinician if the patient had already been discharged. Consenting par- 
ticipants were screened by members of the research team who also 
conducted the baseline assessment. Depending on patients' admission 
status, baseline assessment took place in a quiet room in the hospital 
in the case of in-patients, while out-patients were assessed at a uni- 
versity laboratory where possible, or at the patient's home if required 
(Table 1). Where possible, patients were assessed in the same situation 
at baseline and outcome assessment (Table 1). 

Within 1 week after baseline assessment, randomization took place 
following a statistical minimization procedure (Pocock, 1983). Group 
allocation was based on five stratification factors: age, sex, severity of 
motor impairment (baseline ARAT score), side of brain damage (left 
hemisphere, right hemisphere, or bilateral damage) and the time 
post-stroke. The randomization process was automated and the data 
for randomization were entered by the research therapists. This re- 
search therapist also delivered the intervention, and was never the 
assessor at baseline or outcome. This ensured that assessors remained 
blinded to the patients' group allocations for the full duration of the 
trial. Any unblinding was recorded. 

Patients were informed about group allocation by the research ther- 
apist, and intervention always commenced within one week after 
baseline assessment. The researchers involved in intervention delivery 
all had a psychology or occupational therapy qualification. They were 
researchers employed in an academic setting and were not part of the 
patients' clinical team. Based on detailed operational manuals devised 
for this study, extensive training was given by experienced members of 
the research team to ensure that all research therapists and assessors 
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had a full grasp of the operational procedures of assessment or inter- 
vention. Several hours of cross-validation took place throughout the 
study involving each of the researchers, to ensure consistency in as- 
sessment and intervention delivery. Because research therapists were 
not part of the clinical team, they were a different person from the 
therapists providing standard care physical rehabilitation or any other 
normal care. The clinical team was not informed by the research team 
about treatment allocation of patients in their care. 

All patients received standard treatment for stroke in terms of med- 
ical care and rehabilitation. Treatment as part of the intervention was 
additional to the patients' standard medical care and rehabilitation. 
Consenting patients entered the trial as soon as possible after the 
first month following stroke. 

Eligible patients were randomly assigned to one of three groups: 
the experimental patient group and two control patient groups. The 
experimental group received training in motor imagery (the 'Motor 
Imagery Training' group). Patients in the first control group received 
equally intensive training involving other forms of mental rehearsal 
that were not related to motor control, such as visual imagery of 
objects ('Attention-Placebo Control' group). Patients in the second 
control group received normal care with no additional training 
('Normal Care Control' group). 

Outcome measures 

Outcomes were evaluated by a blinded assessor 5 weeks after the 
baseline assessment, when any training had been completed. The pri- 
mary outcome measure was the ARAT (Lyle, 1981), designed to assess 
recovery of the upper extremity function following cortical injury. The 
test included four subscales: grasp, grip, pinch and gross movement. 
Secondary outcome measures included motor recovery assessment of 
grip strength measuring the force applied with the affected hand 
compared to the unimpaired hand using a dynamometer (Heller 
et a/., 1987), and hand function through timed manual dexterity per- 
formance (Dijkerman et al, 2004). The latter task formed an integrated 
part of the motor imagery- and attention-placebo control training pro- 
grammes, as this timed manual dexterity task demonstrated the bene- 
ficial effect of motor imagery training in a preliminary study of this 
work (Dijkerman et al., 2004). 

Levels of independence and functional limitations were evaluated 
with regards to Activities of Daily Living using the Barthel Index 
(Mahony and Barthel, 1965), and disability using the modified 
Functional Limitation Profile (Pollard and Johnston, 2001), covering 
items of ambulation, body care, mobility, alertness and communi- 
cation. 

Process measures 

The ability to perform mental practice was evaluated as part of this 
trial by looking at individual differences between patients in motor 
imagery ability, as this ability may vary depending on lesion site 
(Sirigu et al., 1996) and hand function (Parsons et al., 1998, Nico 
et al., 2004). Motor imagery ability was assessed through a mental 
chronometry task assessing the ability to predict, through mental im- 
agery, the time necessary to perform movements (Sirigu ef al., 1995; 
Malouin et al., 2008). Imagined and executed finger thumb opposition 
with the unaffected hand was performed once, twice or three times in 
a row. As a measure of motor imagery ability we took the difference 
in the slope of the regression line through the data points of perform- 
ing (actually executing) a particular movement once, twice and three 
times, and the slope of the estimated timing (predicted through enga- 
ging in motor imagery) of the same movements, with the unaffected 



hand and measured at baseline. To compare patients' performance on 
this measure with neurologically intact participants, 32 healthy 
age-matched controls were recruited. These control participants were 
volunteers recruited through local advertising, as approved by the 
ethics committee of Northumbria University's School of Psychology 
and Sports Sciences. They were 16 male and 16 female volunteers 
aged between 53 and 84 years (mean age 66.88; SD = 8.02) and 
were all right handed with no history of brain damage. All patients 
were also asked at baseline assessment whether they did motor im- 
agery or mental practice of movements of their own accord (spontan- 
eous motor imagery). 

Perceived control was measured using the Recovery Locus of 
Control scale (Johnston et al., 1999). Emotional distress was assessed 
with the Hospital Anxiety and Depression Scale (Zigmond and Snaith, 
1983), and mental status was assessed with the Mental Status 
Questionnaire (Kahn et al., 1981). 

Intervention and control group 
procedures 

Research therapists worked with patients on a one-to-one basis during 
45-min training sessions 3 days a week. Patients further engaged in 
30-min previously instructed training sessions working independently 
twice a week. Training was provided for 4 weeks. Depending on pa- 
tients' admission status, in-patients received supervised training in a 
quiet room in the hospital, while out-patients were visited at home 
(Table 1). The experimental and attention-placebo control groups had 
the same duration of therapist contact and each therapist trained an 
equal number of patients in each group. 

Motor imagery intervention 

Twelve highly structured 45-min sessions were developed for the pur- 
pose of supervised patient motor imagery training. All activities were 
standard tasks following a detailed operational manual that did not 
allow tasks to be individualized. Each session was organized to maxi- 
mize the engagement of the patient by offering a range of shorter 
closely supervised tasks. Active motor imagery was structured to in- 
clude verbal facilitation, the presence of objects, pictorial scenes, and 
action observation, as described in the above intervention rationale. 

The mental practice with motor imagery sessions were structured as 
follows: 

(i) The first 30min of each session was reserved for mental practice 
actively imagining a variety of elementary movements (such as 
opening and closing of the hand, wrist rotation, arm elevation), 
goal directed movements (such as reaching, grasping and lifting 
household objects), and activities of daily living (such as ironing, 
washing under the arms or doing buttons on a shirt). Goal dir- 
ected movements included mental performance of the timed 
manual dexterity task (Dijkerman ef al., 2004), the physical per- 
formance of which was described as one of the outcome meas- 
ures above. 

(ii) A further 10min per session was reserved for active motor im- 
agery using mirrors and video, as described above in the inter- 
vention rationale. The use of mirrors or video was alternated 
between sessions. 

(iii) The final 5 min of each session was reserved for a covert form of 
motor imagery activity of mentally rotating visual depiction of 
hands, judging handedness through mentally simulated action, 
as described in the above intervention rationale. 
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In addition to the above supervised sessions, the intervention 
included a further eight structured independent sessions. Patients 
had a bag with materials and were guided through each of the 
tasks through verbal instruction on an audio tape. These were 
30-min audio-paced training sessions and incorporated the elements 
of active motor imagery with verbal and visual facilitation as described 
above. The motor imagery tasks during homework sessions were ima- 
gined movements including: (i) elementary movement sequences; 
(ii) reaching and grasping with objects present; (iii) tracing movements; 
and (iv) activities of daily living using pictorial flip books. 

Independent sessions took place on the days between supervised 
sessions, and the research therapist would discuss the independent 
session with the patient during the supervised session before and 
after the day the patient worked independently. Patients were asked 
to keep a log book of these independent practice sessions, recording 
the time of day and ticking the activities included on the audio in- 
structions. The log book entry was then discussed with the research 
therapist the following day, to address any problems patients may 
have had with independent practice. 

Attention-placebo control intervention 

For comparison of the effectiveness of the motor imagery training 
programme, a visual imagery control programme was developed to 
serve as the attention-placebo control training programme. This train- 
ing programme was carefully devised to control effectively for the 
motor imagery intervention. This included controlling for therapist at- 
tention, as well as the cognitive functions indirectly recruited during 
motor imagery that could account for non-specific effects of motor 
imagery training. Therapist attention was controlled for by closely 
matching the intensity of the training to the experimental training 
programme, matching the frequency and duration of therapist and 
homework sessions, as well as matching the belief in the effectiveness 
of the training that the researcher may convey to the patient. 
Cognitive demands that were controlled for included sustained atten- 
tion, visualization, memory demands, visual illusions, and inhibition. As 
in the experimental training, it was attempted to facilitate imagery 
through visual information and verbal description throughout. 

Twelve highly structured 45-min sessions were developed for the 
purpose of supervised patient attention-placebo control training, and 
were structured as follows. The first 25min of each session was 
reserved for active visual and sensory imagery using a variety of 
short tasks: (i) visualizations of static objects like fruit, flowers and 
buildings, based on pictures; (ii) visualization of static scenes, recalling 
visual and sensory information based on verbal description; (iii) im- 
agery of sensory temperature sensation on the skin based on depic- 
tions of climate information, such as sunshine or blizzard; (iv) imagery 
of smell association based on pictures and verbal description, such as 
the smell of coffee or a bakery setting; and (v) scene recall of land- 
scapes or static scenes based on video and pictures. 

A further 10min per session was reserved for tasks controlling for 
cognitive inhibition. The inhibition tasks performed were: (i) delayed 
answer, requiring giving the response to a previous question; and (ii) a 
so-called Stroop task, such as reading aloud the word green printed in 
red ink. 

A further 5 min per session required patients to watch optical illu- 
sions of motion, such as the waterfall illusion. The final 5 min of each 
session was reserved for a visual imagery activity of mentally rotating 
visual depictions of objects, judging left and right orientation. 

Each session was concluded with a movement familiarization 
and consolidation procedure of the timed manual dexterity task 
(Dijkerman ef a/., 2004) described as one of the outcome measures 



above. This was achieved performing the task with the unaffected 
arm. Mental practice of this task was integrated in the experimental 
training programme above. 

In addition to the above supervised sessions, the intervention 
included a further eight structured independent sessions. Patients 
had a bag with materials and were guided through each of the 
tasks through verbal instruction on an audio tape. These were 
30-min audio-paced training sessions and incorporated the elements 
of visual and sensory imagery described above. The organization of 
independent sessions was as described for the motor imagery inter- 
vention above. 

Power and statistical analysis 

A power analysis was conducted to estimate the different power 
values for a range of sample sizes at various nominated effect sizes 
(small, medium and large, according to Cohen, 1992) and is reported 
in Table 2. This analysis was applied to the ANCOVA model at a 5% 
significance level, entering anticipated means into the model based on 
previous studies that have examined the effect of intervention pro- 
grammes using the same primary outcome measure (ARAT), reporting 
a difference in excess of eight units, which might be regarded as 
indicating a meaningful clinical benefit (Van der Lee et al., 1999; 
Dromerick et al. 2000; Page et al., 2001b). 

Any statistical group differences at baseline were explored with 
one-way ANOVAs, while descriptive statistics were used to explore 
group differences on nominal measures such as gender. Overall recov- 
ery between baseline and outcome assessment was analysed as the 
factor 'time' in a repeated measurements ANOVA for each of the 
outcome variables. To examine the therapeutic benefit of mental prac- 
tice with motor imagery, separate analyses of variance analysed the 
differences between the three treatment groups in the change from 
baseline to post-training assessment for both primary and secondary 
outcome measures, using analysis of covariance (ANCOVA) with 
pre-intervention assessment entered as a covariate (Dimitrov and 
Rumrill, 2003). Assuming that pre-intervention assessment will be 
highly correlated to post-intervention assessment, this analysis further 
increases the power of the study. 

For completeness, an intention-to-treat analysis was also conducted, 
including all patients that had entered the study regardless of whether 
they completed the trial, using multiple regression methods for imput- 
ation of missing values. This analysis used a generalized linear model 
with simple contrasts comparing the experimental group with each of 
the two control groups, with as covariates the five stratification vari- 
ables used in the minimization procedure and any variables with sig- 
nificant baseline differences between groups. 



Table 2 Percentage power to detect differences between 
the three groups at error level (alpha) 0.05 for ANCOVA 
when there is a small, medium or large effect size according 
to Cohen (1992) for a range of sample sizes, including 
the recruited sample size (n = 121) and the number of 
completions (n = 102) 
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Large, f = 
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Group differences on motor imagery ability were analysed with a 
repeated measurements analysis of variance with 'mode' (predicted 
versus actual performance) as within subject factor and treatment 
group (motor imagery training, attention-placebo control, or normal 
care control) or healthy control group (patient versus healthy 
age-matched controls) as between-subject variable. The relationship 
between motor imagery ability and outcome was explored through 
correlations, taking as measure of motor imagery ability the difference 
in slope between predicted and actual performance expressed as a 
proportion of actual performance. 

Results 

Recruitment 

Participants (n = 121) were recruited from a consecutive cohort 
and reported following the Consolidated Standards of Reporting 
Trials statement (Moher ef a/., 2001) summarized in Fig. 1. 

Recruitment took place within two acute National Health 
Service Trusts in the North-East of Scotland over a period of 2 
years and 7 months, considering 2521 in-patients for participation 
in this trial. Of these patients, 250 patients died, 624 were dis- 
charged from hospital within 1 week with suspected transient is- 
chaemic attack, 248 patients were given a diagnosis other than 
stroke, in 12 patients stroke was not confirmed, 222 patients could 
not be followed up as part of the study because they lived >50 
miles away, and 36 patients could not take part in the study be- 
cause they were already recruited to a conflicting research study. 

Of the 1129 patients with a confirmed diagnosis of stroke, 463 
patients were excluded because they did not present with an 
upper limb motor weakness within the criteria of this study 
(including 353 patients with no or a very mild motor weakness 
and 10 patients with gross motor deficits), 170 patients were 
excluded because the medical team sought discharge to a nursing 
home rather than a stroke rehabilitation setting or home, which 
was taken as the exclusion criterion of a limited rehabilitation po- 
tential, 195 patients were excluded because of issues of comor- 
bidity, and 1 1 patients were excluded because they were medically 
unwell. Seventy-nine patients were still under review at the close 
of the study. 

In total, 211 patients were invited to take part in the study with 
86 patients declining. A total of 125 patients consented to partici- 
pate, completed the baseline assessment, and entered into the 
minimization procedure for randomization. Four patients were ran- 
domized in error, and were excluded because they had an ARAT 
score above the inclusion criterion of ARAT score 51 . Therefore, 
121 were assigned to one of the three treatment groups (see 
Table 1 for demographic and clinical data). From the patients as- 
signed to the 'Motor Imagery Training' group one patient died, 
and one patient requested withdrawal from the trial. From the 
patients assigned to the Attention-Placebo Control' group one 
patient died, four patients requested withdrawal from the trial, 
and a further three patients dropped out because they became 
medically unwell. From the patients assigned to the 'Normal Care 
Control' group one patient died, six patients requested withdrawal 
from the trial, one further patient withdrew because he/she was 
medically unwell, and one patient did not complete the primary 



outcome measure during the outcome assessment. Therefore, in 
the experimental 'Motor Imagery Training' group 39 of 41 ran- 
domly allocated patients completed the trial, in the 'Attention- 
Placebo Control' group 31 out of 39 patients completed the 
trial, and in the 'Normal Care Control' group 32 out of 41 patients 
completed the trial. 

All incidences where an assessor was unblinded to a patient's 
group allocation were recorded, and the achieved blinding success 
over the trial was 86% of patients. 

Baseline differences 

Randomization, using a statistical minimizing procedure, was suc- 
cessful and no group differences at baseline were found on the 
primary outcome measure or any of the other stratification factors 
(age, sex, side of brain damage and time post-stroke) as illustrated 
in Table 1 . Neither were there baseline differences on any of the 
other demographic or clinical characteristics shown in Table 1 . No 
group differences at baseline were found on any of the secondary 
outcome measures (Table 3). 

Outcome 

Recovery between baseline and outcome assessment was evident 
on all outcome variables, as is apparent from the means summar- 
ized in Table 3 (the main effect of time had P < 0.001 and effect 
sizes 0.170 < rjp < 0.432 for all outcome variables). However, no 
differences between the three groups were found on the primary 
outcome measure, the ARAT (Table 3). Neither were there differ- 
ences between the groups on any of the secondary outcome 
measures: activities of daily living level of independence (activities 
of daily living Barthel Index), the Functional Limitation Profile or 
the more sensitive motor measures of grip strength or speed of 
performance on the timed manual dexterity task (Table 3). The 
very small effect sizes (0.001 < i?2 < 0.019; Table 3) demonstrate 
that the absence of group effects should not be viewed as a lack 
of power (Table 2). The additional intention-to-treat analysis ren- 
dered very similar results, showing no greater recovery on any of 
the outcome measures in the experimental 'Motor Imagery 
Training' group compared to either the Attention-Placebo 
Control' group (e.g. on ARAT primary outcome measure 
[F(1 ,79) = 1 .77, P = 0.39 with confidence interval (CI) = (-2.26, 
5.80)] or the 'Normal Care Control' group e.g. on ARAT 
[F(1 ,82) = 0.76, P = 0.71 with CI = (-3.21, 4.72)]. 

Improvement on the primary outcome measure, the ARAT 
score, correlated with improvement on the secondary outcome 
measures of activities of daily living level, (r = 0.23, P<0.05), 
manual dexterity performance speed (r=— 0.60, P< 0.001), 
and Function Limitation Profile (r=-0.25, P<0.01), but not 
with grip strength (r = 0.72, n.s). 

Mental status questionnaire score at baseline showed a signifi- 
cant relationship with improvement on activities of daily living 
level (/= —0.26, P < 0.01) but not with improvement on any of 
the other outcome measures (P > 0.12). Levels of depression and 
anxiety (Hospital Anxiety and Depression Scale score at baseline) 
did not demonstrate a significant relationship with improvement 
on any of the outcome measures (P > 0.06), and neither did 
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Figure 1 Flow diagram summarizing the passage of participants through the stages of the trial. 



perceived control over recovery [Recovery Locus of Control scale 
score at baseline and change on the ARAT; P > 0.73; even when 
controlling for initial cognitive (Mental Status Questionnaire) and 
motor (ARAT) impairment; P>0.38]. Therefore, as we did not 
find a relationship between the patients' beliefs that they have 
control over their recovery and the amount of motor recovery 
achieved, we excluded this measure from further analysis. 



Motor imagery ability 

There were no differences in motor imagery ability between the 
treatment groups [F(2,97) = 0.65, P = 0.52, ^ = 0.01). Control 
data collected with age-matched neurologically intact healthy vol- 
unteers (n = 32) on the same measure with the right hand, sug- 
gests no difference in motor imagery ability between participants 
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Table 3 Mean performance and ANCOVA analysis group differences on primary and secondary outcome measures, for the 
experimental 'Motor Imagery Training' treatment group, the 'Attention-Placebo Control' and the 'Normal Care Control' 
group 



Group 



Baseline assessment 



Mean (SD) 



Outcome assessment 



Mean (SD) 



Between group 
difference 



P-value 



Upper limb impairment (ARAT) 

Motor Imagery Training 39 

Attention-Placebo Control 31 

Normal Care Control 32 

Grip strength (force affected/unaffected hand, 

Motor Imagery Training 39 

Attention-Placebo Control 31 

Normal Care Control 32 

Hand function (manual dexterity performance 

Motor Imagery Training 39 

Attention-Placebo Control 31 

Normal Care Control 32 

Activities of daily living level (Barthel Index) 

Motor Imagery Training 39 

Attention-Placebo Control 31 

Normal Care Control 32 

Functional limitations profile 

Motor Imagery Training 38 

Attention-Placebo Control 31 

Normal Care Control 31 



25.64 (18.10) 
26.23 (17.92) 
23.06 (17.66) 



%) 



32.64 (34.17) 
27.90 (29.95) 
25.12 (27.97) 
speed in s) 

121.46 (53.32) 
109.30 (54.17) 
124.02 (52.29) 

13.08 (4.81) 
14.87 (4.33) 
12.28 (5.41) 

58.40 (15.02) 
64.16 (14.04) 
62.50 (14.26) 



31.51 (20.68) 
32.87 (20.76) 
30.38 (20.53) 

38.15 (36.07) 
34.55 (34.84) 
34.32 (33.80) 

104.44 (55.93) 
95.71 (57.59) 
107.28 (56.20) 

16.23 (4.13) 
16.84 (3.75) 
14.87 (4.79) 

50.28 (18.78) 
55.42 (15.81) 
53.49 (18.68) 



0.77 



0.60 



0.98 



0.38 



0.98 



0.005 



0.000 



0.000 



0.019 



0.000 



in the trial and healthy controls [f (1, 142) = 1.56, P = 0.21, 
)jp=0.01]. Motor imagery ability of the participants in the trial 
correlated with mental status (Mental Status Questionnaire 
score, r= -0.23, P = 0.011, n = 100) and also with change be- 
tween baseline and outcome assessments on the primary outcome 
measure, the ARAT difference score (r= 0.28, P = 0.002, n = 100). 
However, within the 'Motor Imagery Training' group, motor 
imagery ability was not correlated with ARAT change scores 
(r=0.12, P = 0.23, n = 38). 

Discussion 

The results of this study showed no evidence of the benefit of 
mental practice with motor imagery in stroke. No enhanced im- 
provement as a result of mental practice with motor imagery was 
found on any of the outcome measures. Furthermore, patients 
were not found to be impaired on motor imagery as a group 
and, while motor imagery ability was related to improvement on 
motor tasks, no relationship between motor imagery ability and 
the benefit of motor imagery practice was found. This trial dem- 
onstrates clear nil-findings with regards to the efficacy of mental 
practice with motor imagery in stroke rehabilitation, raising some 
important issues with regards to the clinical benefit of mental 
practice. 

The aim of this study was to evaluate the therapeutic benefit of 
mental practice in sub-acute stroke patients with a moderate 
motor weakness. This study was different from preceding reports 
in that it was sufficiently powered, that it was a sequential cohort 



study selecting a representative sample, that it recruited patients 
early post-stroke, that it was carefully controlled for both inter- 
vention effects and for attention-placebo, that it evaluated indi- 
vidual differences in motor imagery ability using objective 
measures, and that it was the first study to test a plasticity account 
of mental practice by assessing mental practice of motor tasks 
separate from physical practice. 

The rationale for the efficacy of mental practice in stroke, which 
is widely subscribed to by researchers and clinical practitioners 
generating a strong belief that this is a useful rehabilitation 
method, is that activation of motor brain areas through imagery 
will enhance brain plasticity. If the neural principle of 'firing is 
rewiring' applies to mental practice in stroke, than we would 
expect to find a clinical benefit in patients early post-stroke. 
Processes of functional redistribution have been demonstrated in 
early recovery and have been linked to physical practice (Nelles 
et al., 2001). If the underlying mechanisms of mental practice can 
be attributed to brain plasticity rather than motivational or cogni- 
tive factors, then we should see enhanced recovery in stroke pa- 
tients participating in mental practice independent of physical 
practice of movements. In the design of this study a number of 
factors were carefully considered in order to provide a more direct 
evaluation of this plasticity account. The current intervention was 
designed as an intensive therapy programme including only those 
training tasks that have been demonstrated to activate the cortical 
motor network on the basis of neuroimaging studies. Furthermore, 
mental practice was not embedded in physical therapy (which was 
instead offered to all participants as part of normal care) in order 
to provide a more direct evaluation of the plasticity account. 
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The design of this study further considered the implications of 
the neuro-rehabilitation 'guided-recovery' account of Robertson 
and Murre (1999), calling for targeted stimulation of lesioned cir- 
cuits to induce restitution of function through reconnection of 
neural connectivity. The success of guided-recovery, Robertson 
and Murre (1999) claim, depends on post-lesion states, includ- 
ing — among others — the extent of the loss of connectivity in a 
particular circuit and the time lapsed since injury. For this 
reason, the current study included patients with residual motor 
function (which coincidentally also allowed for reliable baseline 
assessment) and recruited patients at an early stage, where pos- 
sible 1 month (and no more than 6 months) post-stroke. The 
principle of guided-recovery makes use of a critical period within 
which appropriate patterned stimulation must be given if the net- 
works are to survive. Robertson and Murre (1999) suggest that 
'timely and intensive application of patterned stimulation to accel- 
erate self-repair of networks may be of crucial importance'. It 
would therefore not be helpful to dismiss the lack treatment ef- 
fects in this study as being due to involving patients early 
post-stroke. It is an issue of concern that most previous studies 
evaluating the therapeutic benefit of mental practice in stroke 
involved chronic patients, including one of the few previous ran- 
domized controlled trials (Page et al., 2007). The patients in the 
study by Page and colleagues (2007) were on average 3.5 years 
post-stroke, and had fallen out of the habit of using their affected 
upper limb following discharge from their therapy regimes. 
Participation in the trial by Page et al. (2007) offered combined 
physical and mental practice. Self-referral to the trial, therefore, 
provided patients with physical practice of dormant motor pro- 
cesses. This scenario implies possible confounds and furthermore 
limits the relevance to the applied rehabilitation setting. 

This relates to the issue of combined physical and mental prac- 
tice. An important part of the rationale of the current trial was to 
exclude the possibility that mental practice merely provides pro- 
longed opportunity to consolidate particular movement patterns, 
and find a more direct indication that mental practice works 
through processes of brain plasticity independent of the effects 
of physical movement. Since we previously found that combined 
mental and physical practice gave improvement on the trained 
task only (Dijkerman et al., 2004), we felt it was necessary to 
evaluate the benefit of mental practice when not combined with 
physical practice of the movements. The prudence of evaluating 
motor imagery training independent of motor performance was 
also pointed out by Sharma and colleagues (2006). Previous stu- 
dies combined mental practice with physical practice. In their 
mental practice evaluations Page and colleagues (Page, 2000; 
Page et al., 2001a, b; Butler and Page, 2006) reported a clinical 
benefit for mental practice in a series of small studies and one 
randomized controlled trial (Page et al., 2007). The placebo con- 
dition was always audiotape-led relaxation. This means that pa- 
tients in the treatment group had an opportunity during mental 
practice to consolidate movement patterns that they earlier had 
been practicing physically, while the control group did not have 
this advantage. The benefit of combined physical and mental prac- 
tice can therefore be attributed to any of the following mechan- 
isms. The mental practice extended engagement with motor 
processes, which may give rise to enhanced cognitive models of 



performed movements, or may even have a motivational effect. 
Alternatively, it is possible that an indirect effect of neuroplasticity 
accounts for the findings, where mental practice reactivates re- 
cently used motor representations allowing for an increased 
effect of the physical practice itself. However, all these explan- 
ations would imply that the benefit of mental practice is not in- 
dependent of physical practice, and does not provide a 'backdoor 
to the motor systems after stroke' or form an alternative if physical 
practice is not possible (Sharma et al., 2006). 

A second randomized controlled trial evaluating mental practice 
in stroke by Liu and colleagues (2004) did not show a generalized 
effect of mental practice. Like the study of Page and colleagues, 
the study by Liu et al. (2004) combined physical and mental prac- 
tice and focused on activities of daily living only. They found a 
mixed result. No enhanced recovery of motor function was found 
following mental practice on standard measures of motor recov- 
ery, notably the Fugl-Meyer Assessment of upper-limb motor 
function. The study did demonstrate an increased level of compe- 
tence in the experimental group performing activities of daily 
living, including 15 trained and five untrained tasks. However, 
mental practice in the study by Liu and colleagues (2004) had a 
strong cognitive emphasis, and it is questionable to what extent it 
can be considered mental motor practice. Furthermore, the nature 
of this particular treatment makes it especially likely that the find- 
ings of Liu and colleagues (2004), further documented in 16 new 
patients (Liu et al., 2009), relate to a cognitive or even practice 
effect. As part of the motor imagery training programme, patients 
were trained to analyse task sequences and engaged in so-called 
problem identification. They practiced 'rectified task performance 
using mental imagery and actual practice' (Liu et al., 2009, 
p. 1404), and mental rehearsal and actual practice were inter- 
twined throughout the relearning process (Liu ef al., 2004). In 
this respect, mental practice in the Liu et al. (2004) study was 
quite distinct from all other studies, including the current one. 

On a theoretical point, if a scientifically informed programme of 
mental practice alone does not result in enhanced recovery in the 
patients in the current study, then there are possible implications 
for the neuroplasticity account of mental practice. The fact that 
intensive training on tasks, which neuroimaging studies have 
shown to activate motor regions, does not result in behavioural 
change, may question the functional relevance of cortical activa- 
tion in mental simulation of action and possibly non-motor tasks 
demonstrated in numerous neuroimaging studies (Rizzolatti and 
Craighero, 2004; Pulvermuller, 2005). Moreover, the clinical im- 
plications of the apparent complex interaction between mental 
and physical practice would be, that at best, only patients with 
preserved motor ability stand to benefit from mental practice. 
Furthermore, patients with limited cognitive resources are also un- 
likely to gain from this treatment, which makes the unselected 
sample of the current study so relevant in the evaluation of 
mental practice efficacy. However, at the moment, even a motiv- 
ational account of the positive evidence for a therapeutic benefit 
of mental practice cannot be dismissed. 

Furthermore, as patients performed well on the objective motor 
imagery ability measure, it is also unlikely that patients were 
unable to benefit from mental practice due to impaired motor 
imagery. It is possible that spontaneous recovery in these 



1384 I Brain 2011: 134; 1373-1386 



M. letswaart et al. 



sub-acute patients masked the subtle benefit of mental practice 
(motor recovery independent of treatment group was evident in 
this study, as mentioned above and illustrated in Table 3), but 
again the reported small effect sizes of the treatment effects in 
this study do not suggest this. Additionally, effects of non-invasive 
intervention have been shown early post-stroke, for example, in 
our randomized controlled trial of an intervention to enhance con- 
trol beliefs, which resulted in improved motor performance 
(Johnston et al., 2007). 

Although there is always the possibility that the devised inter- 
vention was inadequate, in comparison the current intervention 
nevertheless included the key elements used in previous studies 
and offered training of at least equal intensity. The current inter- 
vention was a daily activity comprising a total of 9 h supervised 
therapy plus 4h independent training. This was a higher dosage 
than for example the intervention reported by Page ef al. (2007) 
comprising of twice weekly activities at a total 6h. We further- 
more include in this article a detailed account of this scientifically 
based training programme. In the rationale, we have demon- 
strated that all tasks used in the intervention have been demon- 
strated to activate motor areas in healthy volunteers, and as no 
impairment on motor imagery ability was found in these patients, 
it is unlikely that the nature of the intervention can be dismissed as 
inadequate. A final possibility is that the patients did not adhere to 
the intervention. We feel confident that such an explanation is 
unlikely as the intervention was closely supervised, and the inter- 
vention largely comprised of intensive one-to-one sessions with 
research therapists. 

Sufficient power was required in demonstrating the anticipated 
moderate to small effects of mental practice with motor imagery, 
and it was important to include a representative sample of stroke 
patients by conducting the first sequential cohort study. The cur- 
rent study included a far larger sample of patients than any mental 
practice evaluation to date. And although we did fall short of our 
patient trial completion target, with 13% less completers in the 
experimental group than planned (letswaart et al., 2006), we still 
had sufficient power to detect a clinically meaningful treatment 
effect (Table 2). Power problems are extremely unlikely to account 
for the fact that we did not find differences between the groups. 
As shown in Table 3, improvements in ARAT scores were similar 
for all three groups, with the 'Normal Care Control' group show- 
ing the largest improvement. The effect sizes on all outcome 
measures were extremely small (Table 3), suggesting very clean 
nil-results. In the evaluation of mental practice as a treatment 
technique, carefully controlled trials with a reasonable sample 
size are few. Although the reported evidence of smaller studies 
has been positive, we need to consider the role of publication bias 
where negative findings are not reported when they have an 
equally small sample size. This asymmetric funnel effect, where 
small trials report positive effects but large well-controlled trials 
include nil-findings, has been widely recognized as an evident 
mechanism with regards to clinical trials in general (Egger et al., 
1997). As such, the finding of the current carefully controlled 
powered trial, representative of the stroke population, is important 
in the evaluation of the therapeutic benefit of mental practice. 

Future research will need to investigate the role of both chronic 
patient status and combined physical and mental practice in 



clarifying the therapeutic benefit of mental practice in stroke. 
Future studies should further focus on delineating the precise 
relation between motor imagery training content and mode 
of delivery, patient variables and motor improvement, using 
well-designed evaluation trials. 

In conclusion, the nil-results of this study may challenge 'guided 
recovery' as described by Robertson and Murre (1999), notably 
only with regards to this particular technique of mental practice 
with motor imagery. The idea that brain plasticity is the underlying 
mechanism of the reported effects of mental practice with motor 
imagery may not be substantiated. The carefully controlled nature 
of this trial, offering intensive and closely supervised mental prac- 
tice in isolation of physical practice, challenges this idea. This sug- 
gests that the benefit of mental practice as previously found by 
ourselves (Dijkerman et al., 2004) and others, is essentially due to 
combined physical and mental practice. It remains unclear whether 
the benefit of this combination is associated with enhanced cog- 
nitive models of performed movements, motivational mechanisms, 
or an indirect effect of neuroplasticity where mental practice re- 
activates recently used motor representations allowing for an 
increased effect of the physical practice itself. The latter account 
would suggest that only patients with preserved motor ability 
could benefit from mental practice that only works in combination 
with physical practice. Our account would also explain why the 
most compelling evidence for the efficacy of motor imagery in 
stroke comes from chronic patients. Chronic patients in particular, 
who over time have lost much of the affected limb's motor rep- 
ertoire, would benefit from enhanced cognitive movement con- 
solidation associated with mental rehearsal following physical 
practice. However, chronic patients do not form the target 
group of this rehabilitation technique in its applied setting. 
Furthermore, a cognitive consolidation mechanism underlying a 
cognitively demanding technique like mental practice would sig- 
nificantly diminish its applied value. These explanations of the po- 
tential underlying mechanisms of mental practice would therefore 
suggest that patients in the stroke rehabilitation population early 
post-stroke, and those with either limited cognitive resources or a 
dense weakness may not benefit from mental practice in their 
motor recovery. 
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